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CROSS REFERENCES TO CO-PENDING APPLICATIONS 
[0001] None. 

5 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 
[0002] The present invention is in the field of 
electronically controlled display calibration systems. If the 
10 display has the ability to provide intensity offsets for 

individual pixels, the system can measure and adjust multiple 
pixels simultaneously in a closed loop system. 

DESCRIPTION OF THE PRIOR ART 

15 [0003] Early display systems relied on calibration of 

individual pixels at the manufacturing level. However, 
individually calibrating thousands of pixels is time consuming 
and it is easy for problems to creep into the process. Also, 
all of the display technologies used to date slowly lose 

20 intensity over time in a process called degradation. This 

caused pixels that were added into the sign due to normal 
maintenance to appear brighter than the others. 

[0004] These issues required display manufacturer's to 
design in the ability to adjust pixel intensity in the field 

25 once the display was installed (field calibration) . When 

field calibration was done, it required a person to manually 
tune sections of a display brighter or dimmer based on their 
perceptions. This process was repeated for all colors across 
the display until either the display was determined to be 

3 0 uniform or fatigue forces the procedure to stop. It is very 

rare for this method to successfully create a display free of 

DAKTR0N I CS - CALIBRATION 

SYSTEM FOR ELECTRONIC SIGN - 
02-05-2001 1:00 PM ~ X ~ 
MYFILES\PAT\P409 



visual discontinuities. These inconsistencies are especially 
noticeable on full color displays that mix red, green and blue 
elements since the differences are additive ♦ 
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SUMMARY OF THE INVENTION 

[0005] The general purpose of the present invention is 
to provide an improved calibration system for an 
electronically controlled sign including an imaging system for 
5 supplying image data of the electronic sign, a personal 

computer or similar device which accepts image data from the 
imaging system and converts it to digital data and commands in 
a format which corresponds exactly to the pixels available in 
the sign. 

10 [0006] The invention is to be used to remove visual 

discontinuities from electronic displays. Typically, the 
luminance of individual display elements is different unless 
some form adjustment is applied to control the luminance 
output. This invention determines the amount of adjustment 

15 needed to each display element by use of an imaging system 
connected to a personal computer. 

[0007] An imaging system can be used to capture a 
detailed image of an electronic display. These images need to 
contain enough detail and resolution that each pixel can be 

20 identified and their individual luminance values determined 
for each color. Once the individual luminance of each pixel 
is determined, this value can be inputted into an algorithm, 
which will determine the correct amount of adjustment 
necessary to increase or decease the luminance of the pixel. 

25 By using a properly programmed personal computer, the 

determination of luminance values and the resulting adjustment 
values can be automated. 

[0008] According to one embodiment of the present 
invention, there is provided a calibration system, including 

3 0 a digital camera, a computer system, a memory card to transfer 

the digital image from the camera to the computer system, a 
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computer program that analyzes the digital image and 
automatically adjusts the luminance of the pixel, and a 
connection to the electronic display to transfer the resulting 
adjustment file to the display. 
5 [0009] An operator takes a picture of the display 

using the digital camera from an angle approximately normal to 
the display face and a distance at which the entire display or 
display section will fill the lens. This may require 
additional lenses depending on the area in which the display 

10 was installed. The digital image is then transferred to 

computer system using a memory card or other such device used 
in digital camera technology. A monochrome camera can be used 
for a single color display, but a multiple color display will 
require a color camera or a monochrome camera with appropriate 

15 filtering to remove unwanted color wavelengths from the image. 

[0010] The operator then needs to make reference 
points throughout the image. This is critical because a 
digital camera uses a charge coupled device (CCD) to capture 
the image passing through the lens. The CCD is essentially an 

2 0 array of pixels (camera pixels) that will reference the pixels 

on the electronically programmable display (display pixels) . 
The reference points allow the computer to align the camera 
pixels to the display pixels, allowing the software to 
accurately compare sections of the display and to correct for 

25 image distortions. Two examples of causes for image 

distortions are the angle the image was taken from (i.e., not 
directly in front of the display) , and lens distortion (this 
last concept is very similar to how satellite imagery is 
"tied" to maps and GIS databases) . 

30 [0011] The operator specifies the pixel array of the 

display. For example, if a display is 208 pixels high by 272 
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pixels wide (23 1 x 30' with 34 mm distance between pixels), 
the software will divide the image into 56,576 sections (208 
* 272 = 56,576), each section representing one pixel. This 
requires a very high resolution camera since it is best to 
5 have multiple camera pixels representing one display pixel. 

The software program then measures brightness of each section 
of the digital image and compares all of the brightness levels 
across the display and calculates a preferred brightness level 
that is an approximate average brightness. 

10 [0012] Once the average brightness is determined, the 

software then calculates an adjustment to each pixel and sends 
the adjustment value to the display to compensate for 
inconsistencies. This compensation is performed by varying 
the power applied to an individual pixel/pixel color. 

15 Examples of this would be varying the duty cycle that an 

element is on, or changing the current delivered to an 
element . 

[0013] The use of an imaging system with a software 
program to align the imaging pixels with the display pixels is 
20 a significant improvement over previous methods because it is 
much faster and iterative. Therefore, the process can be 
repeated if desired until the consistency is satisfactory. 
The first few times will cause the most dramatic changes with 
further iterations continuing to refined the uniformity. 

25 
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[0014] Having thus described embodiments and 
significant aspects and features of the present invention, it 
is the principal object of the present invention to provide a 
system to remove discontinuities from the pixels of an 
electronically programmable display using an iterative, closed 
loop system to that removes human error and can be repeated 
over the life of the display. 
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[0015] One object of the present invention is to 
achieve a much improved uniformity of the electronic display 
Visual discontinuities are virtually undetectable. In a 
side-by-side comparison, the results of this method have been 
5 deemed far superior in every test case. 

[0016] Another object of the present invention is the 
invention requires much less input from the operator (i.e., 
the opportunity for human error is removed from the 
determination of brighter and dimmer) . 

10 [0017] Yet another object of the present invention is 

the invention decreases the opportunity for eyestrain. The 
operator must only view the display for a short time during 
the imaging process. The previous method required the 
operator to view the display for hours at a time. 

15 [0018] A further object of the present invention is 

the invention requires many fewer man hours. With the ability 
to image an entire display and then use the automation of a 
personal computer to determine adjustment values, an 
electronic display can be adjusted to uniformity within a few 

2 0 hours . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0019] Other objects of the present invention and many 
of the attendant advantages of the present invention will be 
readily appreciated as the same becomes better understood by 
5 reference to the following detailed description when 
considered in connection with the accompanying drawings, in 
which like reference numerals designate like parts throughout 
the figures thereof and wherein: 

[0020] FIG. 1 illustrates a pictorial view of the 
10 system; and, 

[0021] FIGS. 2 A and 2B illustrate a flow chart for the 
software program. 
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DETAILED DESCRIPTION OP THE PREFERRED EMBODIMENTS 
[0022] The imaging system must either produce a color 
image or use the proper filters to produce a monochrome image. 
In addition, the imaging system must be of high enough 
5 resolution that each pixel in the sign or section of sign is 
represented by multiple pixels in the imaging system. 
Finally, the imaging system must have lenses which allow the 
sign section of interest to nearly fill the available image 
area of the imaging system. The imaging system is then used 

10 to obtain three digital images of the sign. These images are 
of the entire sign displaying each of the three colors, red, 
green and blue. These images are then transported to the 
personal computer. 

[0023] The personal computer contains software which 

15 interprets the image data from the imaging system and through 

the use of user supplied parameters uses a formula to convert 
the image data into control data which corresponds exactly to 
each display element in the display. This control data will 
be sent to the electronic sign and will control the relative 

20 brightness of each color on each display element. The final 

result will be a sign with no visual discontinuities when 
viewing solid colors. 

[0024] The first step in interpreting the digital 
image from the imaging system is to map the pixels from the 

25 imaging system's image to the pixels on the sign. Typically, 

the imaging system uses a charge coupled device (CCD) to 
capture the image. This CCD device is made up of many rows 
and columns of sensors (for example, 1024 X 1024) . This 
allows the imaging system to produce an image which is of a 

30 corresponding size and structure. The number of pixels and 

arrangement of pixels in the imaging system will not match 
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exactly the number of pixels and arrangement of pixels in the 
sign. For example, some standard imaging systems have CCD 
arrays, which produce images of 1024 X 1024, and the signs 
these might be used on are 208 X 272. As can be quickly seen, 
5 one pixel in the sign does not map directly to one pixel in 

the imaging system's image. The simplest solution would be to 
mark the corners of the digital image and divide the remaining 
pixels by the number of rows and columns in the sign. Then, 
particular groups of pixels in the digital image would be 
10 mapped to represent one pixel in the sign. Each group of 
image pixels would have their average value determined and 
this value would be assigned to the corresponding pixel in the 
sign. 

[0025] At this point, one algorithm can be used to 
15 determine the control values to send to the sign. The 

algorithm used for each color on each pixel follows: 

nChange = (fExpectedValue ~ fPixelValue) * LQ 

(fExpectedValue) JPercentChangePerCalValue 

20 

nChange - the amount the calibration control value 
should change for this color on this pixel. This is the 
output of the formula. 

/ Expect edValue - the value this color on all pixels 
25 is to be adjusted to. This value is either user supplied or 

the average value of the image data from the camera. 

/PixelValue - the current pixel value for this 
color. This value is calculated from the camera image data 
from as stated above. 
3 0 /Per cent ChangePerCa lvalue - the factor which 

converts a percentage change needed to a calibration control 
value. This value is sign dependent and is entered as a user 
supplied parameter. 
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[002 6] Therefore, each pixel will have three control 
values determined by using the above formula for each color. 
Once these control values are determined, they are downloaded 
to the sign. During this process, statistics (i.e., mean, 
5 variance, minimum, maximum) are determined. If it is felt 

that these statistics are not in the proper ranges or the 
display does not have the desired visual appearance, the 
process is repeated. Usually, no more than four or five 
iterations are necessary. 
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MODE OF OPERATION 
[0027] The imaging system is placed in a location with 
a clear view of the electronic sign. The lenses on the 
imaging system are adjusted so that the imaging system can 
5 capture as large an image of the entire sign as possible and 

also to ensure the image is in the proper focus. Next, an 
image (of the sign) is captured for each of the three colors, 
red, green and blue, being displayed on the sign. Next, each 
of three images is run through the following process. 

10 [0028] The image is loaded into a program (reference 

is made to the flow chart) . Within this program, the corners 
of the sign are marked in the image, the number of rows and 
columns of the sign are entered, and the 
/PercentChangePerCalValue is modified, if necessary. Then, 

15 the program performs the necessary calculations and creates a 
file. This file contains the control values which indicate 
the adjustments necessary for each color on each pixel to 
bring the electronic display into visual uniformity. The 
program also outputs statistics to indicate the level of 

20 variation found within the data. The control information is 
downloaded to the sign through the use of our sign control 
software . 

[0029] This process is repeated until the statistics 
indicate the desired level of uniformity has been reached and 
25 the operator is satisfied with the appearance of the display 

(usually, within four or five iterations) . 

[0030] The imaging device can be of several different 
formats. Typically, a high resolution color digital camera is 
used with a removable media to store the images. However, in 
3 0 some cases either a digital camera or a video camera may be 

used and connected directly to the personal computer. 
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[0031] In some cases, it is beneficial to mark more 
than just the corners of the image. To correct for lens 
distortions or the angle an image is taken from, a grid of 
points may be marked within the image. Usually a small number 
of points (16 or 20) is enough to ensure accurate results when 
determining the control adjustments. 
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[0032] Various modifications can be made to the 
present invention without departing from the apparent scope 
hereof . 

IT IS CLAIMED: 
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